In a recent article Chahine et al.' stated that exercise-induced STsegment elevation occurred in only 22% of all their patients (pts) who had anterior myocardial infarction (MI) and might relate more to an abnormal ventricular wall motion than to myocardial ischemia per se. On the basis of a recent study,2 I would like to comment briefly on these two points. 1) In 83 pts who had evidence of old transmural MI on the resting electrocardiogram (ECG) and who developed ECG changes during the exercise test the incidence of exercise-induced ST-segment elevation was higher than reported by Chahine et al.' as 43 pts (51.8%) showed ST-segment elevation located to the ECG leads presenting with abnormal (_ 0.04 sec or Q/R >_ 1/3) Q waves. 2) In these 43 pts, the clinical significance of exercise-induced ST-segment elevation which occurred in the ECG leads showing abnormal Q waves seemed to differ according to the presence or the absence of reciprocal ST-segment depression. In 14 of 43 pts, the exertional ST-segment elevation was minimal (mean value: 0.8 mm) and pure, without reciprocal ST depression; concomitant angina occurred in only 4 of these 14 pts (28.1%); in 29 of 43 pts ST-segment elevation was greater (mean value: 1.8 mm) and associated with a reciprocal ST-segment depression (mean value: 2.3 mm) in the opposite leads; concomitant angina was more frequent in this group as it occurred in 13 of 29 pts (44.8%). Coronary angiography was performed in 19 of 43 pts: hypo-, dys-, or akinesis of the left ventricular wall was present in 16, and 13 had severe two vessel disease.
Exercise-induced ST Elevation in Patients with an Old Myocardial Infarction
To the Editor:
In a recent article Chahine et al.' stated that exercise-induced STsegment elevation occurred in only 22% of all their patients (pts) who had anterior myocardial infarction (MI) and might relate more to an abnormal ventricular wall motion than to myocardial ischemia per se. On the basis of a recent study,2 I would like to comment briefly on these two points. 1) In 83 pts who had evidence of old transmural MI on the resting electrocardiogram (ECG) and who developed ECG changes during the exercise test the incidence of exercise-induced ST-segment elevation was higher than reported by Chahine et al.' as 43 pts (51.8%) showed ST-segment elevation located to the ECG leads presenting with abnormal (_ 0.04 sec or Q/R >_ 1/3) Q waves. 2) In these 43 pts, the clinical significance of exercise-induced ST-segment elevation which occurred in the ECG leads showing abnormal Q waves seemed to differ according to the presence or the absence of reciprocal ST-segment depression. In 14 of 43 pts, the exertional ST-segment elevation was minimal (mean value: 0.8 mm) and pure, without reciprocal ST depression; concomitant angina occurred in only 4 of these 14 pts (28.1%); in 29 of 43 pts ST-segment elevation was greater (mean value: 1.8 mm) and associated with a reciprocal ST-segment depression (mean value: 2.3 mm) in the opposite leads; concomitant angina was more frequent in this group as it occurred in 13 of 29 pts (44.8%). Coronary angiography was performed in 19 of 43 pts: hypo-, dys-, or akinesis of the left ventricular wall was present in 16, and 13 had severe two vessel disease.
In our opinion, exercise-induced ST-segment elevation is likely to result from a localized left ventricular dysfunction whenever it occurs without reciprocal ST-segment depression and remains located to the ECG leads facing the infarcted area: in our study, as a matter of fact, angina was rare in such cases (4 of 14). On the other hand, exercise-induced ST-segment elevation is more likely to result from left ventricular dysfunction and/or myocardial ischemia when reciprocal ST-segment depression is present: in almost half of such cases (13 of 29) anginal pain was concomitant to the ECG changes. While ST-segment depression is the classical response to exercise in ischemic heart disease, such changes seldom occur (2 of 83 pts) in the ECG leads facing the infarcted area as long as the patterns of the old MI persist. When abnormal Q waves have disappeared (or decreased in amplitude) in the months or years following the acute stage of the MI, exercise-induced ST depression may again occur in these leads.2' 3 ROBERT HAIAT, M.D.
H6pital Tenon

Paris, France
The authors reply:
We appreciate the comments of Dr. Haiat, and we are pleased that in a study different in design from ours, he has collected data that support our conclusions.
951
The apparent difference in percent of patients with myocardial infarction who developed exercise-induced ST elevation is easy to explain: Dr. Haiat used the bicycle ergometer and recorded 12 electrocardiographic leads, while we used the treadmill and monitored 2 modified V5 and V6 leads. In deriving his incidence, Dr. Haiat considered all patients with myocardial infarction and obviously included ST elevation of less than 1 mm; we considered only the patients with anterior infarction and included only the patients with ST elevation of 1 mm or more. It should be no surprise that when 12 leads are recorded and ST elevation of less than 1 mm considered that the incidence of exercise-induced ST elevation would increase.
The more important facet of both of our studies refers to the mechanism and clinical significance of exercise-induced ST-segment elevation. Eighteen of 21 (86%) of our patients with exerciseinduced ST-segment elevation, in whom left ventriculograms were performed, manifested localized contraction abnormality (left ventricular aneurysms). The treadmill test in our patients with ST elevation was terminated because of dyspnea or fatigue in most instances; only 28% stopped because of angina. We see in Dr. Haiat's data significant similarity to ours. In his total group of 43 patients with ST elevation, only 40% had concomitant anginal pain. Angina occurred in only 4 of 14 (29%) of his group of patients with no reciprocal ST changes and in 13 of 29 (45%) of those who had reciprocal changes, which is still less than the 60% incidence of angina in patients with exercise-induced ST depression, as noted in our study.
The fact that angina as a manifestation of myocardial ischemia occurred in some patients with ST-segment elevation should not lead to the conclusion that these ST-segment changes result from myocardial ischemia per se. Dr. Haiat's paper does not include detailed angiographic data to assess the exact incidence of aneurysms in his study. However, in his letter he states that of the 19 patients who were invasively studied 16 (84%) showed evidence of localized left ventricular dysfunction. This should add support to our conclusion that exercise-induced ST elevation may relate more to the abnormal wall motion than to myocardial ischemia per se. Despite much interesting information, the paper on uremic pericarditis and some of its consequences by Baldwin and Edwards' presents conceptual errors and inconsistencies in regard to cardiac tamponade and constriction. In the Summary, we learn that "collagenization of pericardial exudate" is one of the causes of cardiac tamponade. In Case 4 we are told that "constriction" was due to bloody pericardial fluid and that any collagenization was "of only minor influence, if any, in causing constriction." In the legend for figure 5 , the authors manage a reasonable compromise (i.e., a noncomittal concept): "cardiac compression." Later, they finally get on target by ascribing "a constricting effect" to organizing pericardial blood clot. This is no terminologic quibble. Great effort has gone into establishing the crucial pathogenetic, physiologic, and clinical distinctions between cardiac compression by tamponading fluids and cardiac compression by constricting scar, clot, or other material.2' 3 (Combinations do occur,4 but were not the subject of this paper.) I hope the authors will clarify their message. DAVID H. SPODICK, M.D. The St. Vincent Hospital Worcester, Massachusetts
GIK and Pacing Response
To the Editor: The paper on the protective effect of glucose-insulin-potassium on the pacing response by Chiong and colleagues (Circulation 54: 37, 1976) is an example of the high standards and meticulous work of Dr. Parker's cardiology division. It is unfortunate, therefore, that it is flawed by the exclusion of one element vital to any reliable result: administration of a placebo infusion with double blinding. This could have been given to the same patients or to matched patients with the order of administration determined by randomization. It is particularly unfortunate that, among all nonsurgical specialists, cardiologists remain conspicuous for their reluctance to accept appropriate design and control of clinical trials. DAVID H. SPODICK, M.D. The St. Vincent Hospital Worcester, Massachusetts
ST-Segment Mapping -A Cardiologist's Tease
The informative editorials on ST-segment mapping by E Braunwald, PR Maroko and HA Fozzard and DS Das Gupta" 2 are important contributions to those engaged in future research and conceptual thinking. ST mapping is a very attractive tool because within few moments of global ischemia of the left ventricle,3 the "skirt" of ST-segments is elevated for clinicians to peep within and size up. However attractive this tool may be, it is an electrophysiologic system which has not been clarified. I certainly agree with Braunwald that we earnestly need to obtain an electrical model of the sequential changes that take place from the onset of ischemia to the stage of chronic infarction.
ST-segment mapping, being an electrophysiologic system, does not chart the highly complex biologic system. A patient with acute myocardial infarction is subject to a myriad of intrinsic and extrinsic influences which may alter ischemic injury. The changes in STsegment elevation produced by these factors may mislead the unwary clinician. To my knowledge, there has been no sophisticated study employing simultaneous intramyocardial, epicardial, and precordial ST-segment mapping correlating with CPK activity, sympathetic stimulation, alterations in pH, electrolytes, hypoxia, temperature changes, with and without ischemia. This type of carefully conducted study could clear some of the hanging clouds and provide us with a more lucid picture of the factors affecting ST segments and the usefulness of ST-segment mapping as an index of myocardial ischemia. We have been prematurely cautioned (rather, misinformed,) by Fozzard and Das Gupta that "ST-segment mapping is not a reliable measure of myocardial ischemia." Their conclusion should not be taken seriously; at the best, it is theoretical. I certainly agree that at the present time we cannot convert STsegment changes into a quantitation of necrotic myocardium. There is good evidence, however, that epicardial ST-segment mapping reflects the ischemic injury and precordial ST-mapping projects the underlying electrophysiology.4 6
We should certainly take heed of the limitations of ST mapping in programming future research using the tool to quantitate myocardial necrosis. ST-segment changes, at the present state of our knowledge, cannot be used to indicate grams of infarcted myocardium. We have to take into consideration both spatial and nonspatial factors.
Computers are a big help. Automated precordial mapping may provide a rapid and accurate analysis and minimize interobserver variability. One could use as many electrodes as the computer could handle, or the torso could accommodate, to map every millimeter of the ischemic myocardium.
AMAR KAPOOR, M.D. Victoria General Hospital Dalhousie University Halifax, Canada
